METHOD OF AND APPARATUS FOR GENERATING COLOR CONVERSION 
TABLE AND APPARATUS FOR GENERATING PROOF USING COLOR 

CONVERSION TABLE 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a method of and an ap- 
paratus for generating a color conversion table which con- 
verts color data to be processed by a first device into 
color data to be processed by a second device, and an appa- 
ratus for generating a proof using such a color conversion 
table. 

Description of the Related Art : 

In order to produce desired printed materials of color 
images, it is necessary to take into account various print- 
ing conditions including the type of inks used, the printing 
sheets used, the illumination with which to observe the 
printed materials, etc. Desired printing conditions could 
be established by actually printing color Images under vari- 
ous possible printing conditions. However, it would be un- 
realistic to produce test prints under all combinations of 
possible printing conditions because such test prints would 
incur an unduly expenditure of time and money. 

There has been developed a printing proof generating 
apparatus capable of easily simulating the finished state of 
a printed material without actually producing the printed 
material. The printing proof generating apparatus operates 



by converting image data to be printed under various print- 
ing conditions to generate device -independent colorimetric 
data of colors expected of the final printed material, the- 
reafter converting the colorimetric data into proof imaxje 

5 data taking into account the characteristics of the printing 

proof generating apparatus, and then generating a proof 
based on the proof image data. 

Since printing conditions can freely be established us- 
ing a conversion table which converts image data into col- 
1QU orimetric data, it is possible to generate a proof easily 

:f? and inexpensively and then to determine printing conditions 

jif under which to produce the desired printed material from the 

W generated proof, 

IB All colors of a color printed material can theoretical- 

ly ly be produced from three colors of C (cyan), M (magenta), 

ry and Y (yellow) . However, inks of these three colors may not 

q necessarily have ideal spectral characteristics . In order 

" to eliminate such a drawback, color printed materials are 

usually produced using inks of four colors which include the 
20 above three colors and an additional color of K (black) . 

The printing proof generating apparatus also uses such four 
colors of C, M, Y, K for producing more accurate proofs. 

A printed material and a proof thereof may colorimetri- 
cally be equivalent to each other, but may not necessarily 
25 be in sufficient agreement to the eye of an observer. Most 

typically, when a printed material composed of halftone dots 
is formed using only an ink of K, if a proof thereof is pro- 
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duced using a combination of inks of C, M, Y that are col- 
orimetrically equivalent to the printed material, then the 
proof may possibly appear appreciably different from the 
printed material to the observer when observed microscopi- 
cally. According to another example, while a printed mate- 
rial is formed using an ink of Y, a proof thereof may con- 
tain an ink of M in addition to the ink of Y. In addition, 
a printed material and a proof thereof, though color imetri- 
cally equivalent to each other, may possibly be observed 
differently from each other if their halftone dot area per- 
centages differ from each other. Such discrepancies mani- 
fest themselves in highlights and shadows of the image. The 
same problem arises if the dot gains of the printed material 
and the proof differ from each other. 

SUMMARY OF THE INVENTION 
It is a general object of the present invention to 
provide a method of and an apparatus for generating a color 
conversion table which is capable of converting desired 
color data to be processed by a first device into color data 
to be processed by a second device while constraining the 
desired color data. 

A major object of the present invention to provide an 
apparatus for generating a proof which agrees with evalua- 
tions and does not make the observer feel discrepancies when 
a proof of an image to be generated by a first device is 
produced by a second device and evaluated. 



The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the ac- 
companying drawings in which preferred embodiments of the 
present invention are shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a printing proof generat- 
ing apparatus which incorporates a method of and an appara- 
tus for generating a color conversion table and an apparatus 
for generating a proof according to the present invention; 

FIG. 2 is a block diagram illustrative of the method of 
generating a color conversion table; 

FIG. 3 is a flowchart of a process of generating a 
printer profile shown in FIG, 2; 

FIG. 4 is a view showing a displayed image for setting 
constraint conditions for color mixing prevention; 

FIG. 5 is a diagram showing constraint conditions set 
for area percentage equalization priority; 

FIG. 6 is a diagram illustrative of a color conversion 
table modified according to the constraint conditions set 
for area percentage equalization priority; 

FIG. 7 is a diagram showing the relationship between 
image data and luminance in terms of dot gains; and 

FIG. 8 is a view showing a displayed image for setting 
constraint conditions for color mixing prevention and area 
percentage equalization priority according to another em- 



bodiment of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
According to the present invention, if constraint con- 
ditions are established to constrain the conversion rela- 
tionship of particular primary color data or secondary color 
data selected from the colors of C, M, Y, K, then when image 
data to be processed by a first device comprises only the 
particular primary color data or secondary color data, the 
image data to be processed by the first device is converted 
into image data to be processed by a second device such that 
the image data to be processed by the second device compris- 
es only the particular primary color data or secondary color 
data. By converting the image data to be processed by the 
first device into the image data to be processed by the sec- 
ond device using a color conversion table set based on the 
above constraint conditions and thereafter generating a 
proof with a printer or the like as the second device, the 
observer can compare and evaluate an image generated by the 
first device and the proof generated by the second device 
with the selected particular primary color data or secondary 
color data without feeling appreciable discrepancies there- 
between. 

If constraint conditions are established to save the 
halftone dot area percentage of a particular range of color 
data, then the halftone dot area percentage of an image gen- 
erated by a first device and the halftone dot area percenta- 




ge of a proof generated by a second device can be equalized 
to each other in the particular range, allowing the observer 
to compare and evaluate the image and the proof without 
feeling appreciable discrepancies therebetween. The con- 
5 straint conditions to save the halftone dot area percentage 

of the particular range can be established for each particu- 
lar color data. Furthermore, by establishing a junction 
range between the above particular range and another range 
as a constraint condition, the halftone dot area percentages 
1CH of the image generated by the first device and the proof 

J generated by the second device can be equalized to each oth- 

If: er in the particular range, a colorimetrically corresponding 

proof can be generated using a color conversion table in the 
l - other range, and a proof in which halftone dot area percent- 

ile ages are made continuous without discrepancies can be gener- 

ic ated in the junction range. 

□ If constraint conditions are established in order to 

save a dot gain of color data, an image generated by a first 
device and a proof generated by a second device can be com- 
20 pared and evaluated with equalized dot gains . 

FIG. 1 shown in block form of an overall arrangement of 
a printing proof generating apparatus 10 according to the 
present invention . 

The printing proof generating apparatus 10 is an appa- 
25 ratus for generating, for evaluation, a proof of a printed 

material, which is to be produced by a printing machine 12 
(first device) based on printing image data C, M, Y, K as 
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separated into four colors of C (cyan), M (magenta), Y (yel- 
low), and K (black), with a printer 16 (second device or 
proof output means). The printing proof generating appara- 
tus 10 has a color converter 14 (color converting means) 
having a color conversion table for converting color data D 
comprising the printing image data C, M, Y, K into color da- 
ta D' comprising proof image data C, M r , Y r , K r of corre- 
sponding four colors . 

The printing proof generating apparatus 10 also has a 
color conversion table generator 18 (color conversion table 
generating means) for generating the color conversion table 
of the color converter 14. To the color conversion table 
generator 18, there are connected a printing profile storage 
unit 19 (first profile storage unit) for storing a printing 
profile established depending on printing conditions for the 
printed material to be generated by the printing machine 12, 
and a printer profile storage unit 21 (second profile stora- 
ge unit) for storing a printer profile established depending 
on output conditions for the proof to be generated by the 
printer 16. The printing profile storage unit 19 and the 
printer profile storage unit 21 jointly serve as a color 
conversion table storage means . 

The printing conditions are conditions including the 
type of inks used, the printing sheets used, the printing 
pressure applied upon printing, and the inherent character- 
istics of the printing machine 12, etc. A plurality of 
printing profiles are established depending on combinations 



of those printing conditions . The output conditions are 
conditions including the types of inks used for printout , 
printing sheets used for printout, and the inherent charac- 
teristics of the printer 16, etc. A plurality of printer 
profiles are established depending on combinations of those 
output conditions . 

To the color conversion table generator 18, there is 
also connected a constraint condition acquisition unit 23 
for acquiring constraint conditions to be added in the gen- 
eration of a color conversion table. The constraint condi- 
tion acquisition unit 23 acquires constraint conditions 
which have been established and stored in a constraint con- 
dition storage unit 25 (constraint condition storage means) 
or constraint conditions which are established by the opera- 
tor using a constraint condition setting unit 27, and sup- 
plies the selected constraint conditions to the color con- 
version table generator 18. Alternatively, the constraint 
condition acquisition unit 23 (constraint condition select- 
ing means) may select desired constraint conditions from the 
constraint condition storage unit 25 based on information 
entered by the operator using the constraint condition set- 
ting unit 27, and supply the selected constraint conditions 
to the color conversion table generator 18 . 

The constraint condition acquisition unit 23, the con- 
straint condition storage unit 25, and the constraint condi- 
tion setting unit 27 jointly make up a constraint condition 
setting means. The constraint condition setting means, the 



color conversion table generator 18, printing profile stora- 
ge unit 19, and the printer profile storage unit 21 make up 
an apparatus for generating a color conversion table accord- 
ing to the present invention, 
5 The printing proof generating apparatus 10 is basically 

constructed as described above . A method of generating a 
color conversion table in the printing proof generating ap- 
paratus 10 will be described below. 

First, a process of generating a basic color conversion 
1Q^ table prior to the setting of constraint conditions will be 

M described below with reference to FIGS. 2 and 3. 

y * 

\Z The basic color conversion table is generated by com- 

y ! 

^ bining the printing profile 22 stored in the printing pro- 

ttl file storage unit 19, the printer profile 24 stored in the 

133 printer profile storage unit 21, and a K gradation conver- 

sion table 26. 

The printing profile 22 is a conversion table for con- 
verting color data D composed of printing image data C, M, 
Y, K into colorimetric data L* , a*, b* in the CIE col- 
20 orimetric system which are device -independent image data. 

The printing profile 22 can be determined as follows: 
First, a printed material is produced under given printing 
conditions by the printing machine 12 from printing image 
data C, M, Y, K, and then colorimetric data L*, a*, b* of 
25 the printed material are color imetrically determined. The 

printing profile 22 is determined as a relationship between 
the printing image data C, M, Y, K and the colorimetric data 
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L*, a*, b*, for conversion from the printing image data C, 
M, Y, K into the colorimetric data L*, a*, b*. 

The printer profile 24 is a conversion table for con- 
verting the colorimetric data L* , a*, b* into color data D' 
comprising proof image data C, M' , Y' , K' depending on the 
output characteristics of the printer 16. The printer pro- 
file 24 is established depending on the output characteris- 
tics of the printer 16, and can be determined according to a 
process of generating a printer profile as shown in FIG. 3. 

The process of generating a printer profile as shown in 
FIG. 3 will be described below. First, a plurality of proof 
image data C, M' , Y ' , K' including the proof image data K' 
at an area percentage of 0 % and the remaining proof image 
data C, M' , Y' at area percentages in increments of 10 % 
are generated in step SI. Using the proof image data C, 
M', Y F , K' # a chart comprising a plurality of patches is 
generated by the printer 16 in step S2. Then, the col- 
orimetric data L*, a*, b* of the patches are measured with a 
colorimeter in step S3. Then, a forward conversion table 
LUT ((C'M'Y'K' -» Lab) for converting the proof image data 
C',M',Y',K f (0%) into the colorimetric data L*, a*, b* 
is determined in step S4 . 

Using the forward conversion table LUT (C'M'Y'K' -> 
Lab), a reverse conversion table LUT (LabK' -» C'M'Y') for 
converting colorimetric data L*, a*, b* with respect to the 
proof image data K' (0 %) into proof image data C, M' , Y' 
is determined in step S5. The reverse conversion table LUT 
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(LabK' - C'M'Y') can be determined using the Newtonian 
method which is a typical successive approximation method. 

Then, the proof image data K' is updated in incremental 
area percentages of 10 %, 20 %, 100 % in step S6. 

Then, the processing in steps SI through S5 is repeated to 
determine reverse conversion tables LUT (LabK' — c'M'Y') 
for converting colorlmetric data L* . a*, b* with respect to 
the constant proof image data K' into proof image data C, 
M\ Y' in step S7. 

A plurality of reverse conversion tables LUT (LabK' — 
C'M'Y') thus determined are stored as the printer profile 24 
in the printer profile storage unit 21. 

The K gradation conversion table 26 serves to convert 
the gradation of printing image data K depending on the out- 
put characteristics of the printer 16 to generate the proof 
image data K'. The K gradation conversion table 26 is es- 
tablished such that the colorimetric value of a printed ma- 
terial composed of only the printing image data K is equal- 
ized to the colorimetric value of a proof composed of only 
the proof image data K ' . 

The color conversion table generator 18 combines the 
printing profile 22. the printer profile 24. and the K gra- 
dation conversion table 26 thus established, thereby gen- 
erating a color conversion table with K saved for converting 
the color data D comprising the printing image data C, M. Y. 
K into the color data D' comprising the proof image data C. 
M', Y'. K'. 
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The color conversion table generator 18 modifies the 
color conversion table thus generated depending on con- 
straint conditions, thereby producing a new color conversion 
table. 

FIG. 4 shows a displayed image for setting constraint 
conditions for color mixing prevention. The displayed image 
allows the operator to set constraint conditions for con- 
straining a conversion relationship of primary color data of 
C, M, Y, K or secondary color data of R, g, B. It is as- 
sumed that the operator has set constraint conditions for 
constraining primary color data of Y and secondary color da- 
ta of R (= M + Y) and G (= C + Y), for example, using the 
constraint condition setting unit 27. 

It is assumed that the color conversion table generated 
by combining the printing profile 22. the printer profile 
24. and the K gradation conversion table 26 Is represented 
by LUT (CMYK -> CM'Y'K'). The color conversion table gen- 
erator 18 changes data of a color conversion table LUT (00Y0 
-C'M'Y'K') for converting printing image data Y with print- 
ing image data C = M = K = o into the proof image data C, 
M\ Y', K', to data LUT (00Y0 -OOY'O) with proof image data 
C - M' - K' - 0, with respect to the constraint conditions 
for constraining the primary color data of Y as acquired by 
the constraint condition acquisition unit 23, and sets the 
changed data in the color converter 14. 

Similarly, the color conversion table generator 18 
changes a color conversion table LUT (0MY0 — C'M'Y'K') and a 
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color conversion table LUT (COYO -*C'M'Y'K') to a color con- 
version table LUT (OMYO -*0'M'Y'0) and a color conversion 
table LUT (COYO -»C'OY'0) with respect to the constraint 
conditions for constraining the secondary color data of R, 
G, and sets the changed color conversion tables in the color 
converter 14. 

After the new color conversion tables with the con- 
straint conditions set have been set in the color converter 
14, arbitrary printing image data C, M, Y, K are converted 
into proof image data C, M', Y', K' by the color conversion 
tables with the constraint conditions , and the proof image 
data C, M', Y', K' are supplied to the printer 16. The 
printer 16 then generates a proof based on the supplied 
proof image data C, M' , Y' # K' . 

If the printing image data C, M, Y, K comprise image 
data of Y only, image data of Ronly, or image data of G 
only, then the generated proof is free of mixed other col- 
ors. Even when the observer observes the proof at a magni- 
fied scale, therefore, the observer can evaluate the print- 
ing conditions without appreciable discrepancies because the 
colors of the proof are in agreement with the colors of the 
printed material. 

A plurality of sets of constraint conditions may be 
stored in the constraint condition storage unit 25, and the 
constraint condition acquisition unit 23 may select a de- 
sired set of constraint conditions from the constraint con- 
dition storage unit 25 based on information entered by the 
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operator using the constraint condition setting unit 27, and 
supply the selected constraint conditions to the color con- 
version table generator 18 for the generation of a color 
conversion table. 

FIG, 5 shows constraint conditions set for equalizing 
area percentages of an image in a particular range. As 
shown in FIG. 5, the operator can arbitrarily set area per- 
centage equalized ranges 28a, 28b for equalizing area per- 
centages, color equalized ranges 30 for equalizing colors 
without changing the basic color conversion table, and junc- 
tion ranges 32a, 32b disposed between the area percentage 
equalized ranges 28a, 28b and the color equalized ranges 30 
for making a gradual shift from the equalized area percent- 
ages toward the equalized colors, between the respective 
primary color data of the printing image data C, M, Y, K and 
the respective primary color data of the proof image data 
C, M r , Y', K'. The area percentage equalized ranges 28a 
and the junction ranges 32a are ranges set in highlights of 
the image, and the area percentage equalized ranges 28b and 
the junction ranges 32b are ranges set in shadows (solid im- 
age areas) of the image. 

The color conversion table generator 18 modifies the 
color conversion table LUT (CMYK -» C'M'Y'K') in order for 
the printing image data CM, Y, K to be equalized respec- 
tively to the proof image data C, M' , Y', K', with respect 
to the area percentage equalized ranges 28a, 28b. The color 
conversion table generator 18 modifies the color conversion 
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table LUT (CMYK -> C'M'Y'K') by way of interpolation in or- 
der to make a gradual shift from the relationship in which 
the printing image data C, M, Y, K are equalized respec- 
tively to the proof image data C , M' , Y' , K' to the rela- 
tionship of the color conversion table LUT (CMYK 
C'M'Y'K') already set for the color equalization ranges 30, 
with respect to the junction ranges 32a, 32b. The color 
conversion table generator 18 holds the color conversion ta- 
ble LUT (CMYK -> C'M'Y'K') as it is, with respect to the 
color equalization ranges 30. The color conversion table 
LUT (CMYK -* C'M'Y'K') thus modified is set in the color 
converter 14 . 

In FIG. 6, the solid-line curve represents the color 
conversion table LUT (CMYK -» C'M'Y'K') that is set in the 
color converter 14 for converting printing image data C into 
proof image data C ' . 

If arbitrary printing image data C, M, Y, K are con- 
verted into proof image data C* , M' , Y', K' using the color 
conversion table thus set and a proof is generated from the 
proof image data C, M' , Y' , K' by the printer 16/ then in 
the area percentage equalized ranges 28a, 28b, since the 
area percentages of the printed material and the proof are 
equal to each other, the observer can compare and evaluate 
images without feeling discrepancies between the area per- 
centages. Since a proof free of discrepancies can be ob- 
tained in the vicinity of highlights of the image which are 
greatly affected by area percentage variations, the observer 
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can evaluate the proof more effectively. 

The color conversion table generator 18 can further 
modify the color conversion table LUT (CMYK C'M'Y'K') ac- 
cording to constraint conditions for equalizing dot gains 
5 between the printed material and the proof. 

Specifically, because of the effect of dot gains based 
on the characteristics of the proof sheet and inks, an in- 
put-to-output relationship represented by the solid-line 
curve in FIG. 7 exists between the printing image data C, M, 
10_ Y, K (the proof image data C, M' , Y f , K') and the luminance 

L* of the printed material (the proof). In view of the abo- 
ve input- to -output relationship, the color conversion table 
y generator 18 modifies the color conversion table LUT (CMYK 

ffi -* C'M'Y'K') for thereby reproducing the effect of dot gains 

15q on the proof for more accurate image evaluation. 

n] More specifically, if it is assumed that the luminance 

q of a printing sheet itself is represented by TO, the lumi- 

nance of an ink recorded according to either one of the 
printing image data C, M, Y, K as a solid area (halftone dot 
20 100 %) on the printing sheet is represented by Tl, and the 

luminance of the ink recorded at a halftone dot area per- 
centage t is represented by Tt, then the effective halftone 
dot area percentage Te of the printed material is expressed 
by: 

25 Te = (TO - Tt)/(T0 - Tl) •••(!) 

If it is assumed that the luminance of a proof sheet 
itself is represented by P0, the luminance of an ink record- 
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ed according to either one of the proof image data C, M' , 
Y' , K' which correspond to the printing image data C, M, Y # 
K as a solid area (halftone dot 100 %) on the proof sheet is 
represented by PI, and the luminance of the ink recorded at 
a halftone dot area percentage p is represented by Pp, then 
the effective halftone dot area percentage Pe of the proof 
is expressed by: 

Pe = (P0 - Pt)/(P0 - PI) ---(2) 
In order to equalize the effective halftone dot area 
percentage Te of the printed material and the effective 
halftone dot area percentage Pe of the proof to each other, 
the equations (1), (2) are equalized as follows: 
p = P'^PO - (TO - Tt)-(P0 - Pp)/(T0 - Tl)} 

•••(3) 

for thereby determining the relationship between the half- 
tone dot area percentage p of the proof and the halftone dot 
area percentage t of the printed material. In the equation 
(3), P" 1 Indicates the inverse function of Pp. 

If constraint conditions for saving the dot gain of 
particular primary color data are set, then a new color con- 
version table LUT (CMYK -* C'M'Y'K') can be obtained by 
modifying the color conversion table LUT (CMYK -» C'M'Y'K') 
with respect to the particular primary color data according 
to the equation ( 3 ) . 

FIG, 8 shows a displayed image for setting constraint 
conditions according to another embodiment of the present 
invention. In the displayed image shown in FIG. 8, the op- 



erator can set a constraint condition as to whether primary 
color data and secondary color data are to be simultaneously 
constrained or not. If the constraint condition is set to 
simultaneously constrain primary color data and secondary 
color data, then all color data of C, M, Y, K, R, G, B are 
constrained before and after color data conversion. 

In the displayed image shown in FIG. 8, the operator 
can also specify ranges in which halftone dot area percent- 
ages are to be equalized with respect to the respective pri- 
mary color data of C, M, Y, K. In the example shown in FIG. 
8, constraint conditions are set in which halftone dot area 
percentages are equalized in highlights (0 %) and shadows 
(100 %) of the primary color data. 

In the above embodiment, after a color conversion table 
is generated while the relationship between printing image 
data K and proof image data K is being fixed, a new color 
conversion table with constraint conditions is generated ac- 
cording to constraint conditions. Therefore, an always con- 
strained relationship is obtained with respect to K (black) . 

However, after a basic color conversion table is gener- 
ated without K (black) being fixed, constraint conditions 
for color mixing prevention as shown in FIG. 4 may be set 
with respect to the printing image data C, M, Y, K including 
K (black). Constraint conditions for area percentage 
equalization priority as shown in FIG. 5 and constraint con- 
ditions for equalizing dot gains may similarly be set. 

In the above embodiment, after the color conversion ta- 
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ble generator 18 has generated a basic color conversion ta- 
ble prior to the setting of constraint conditions, the basic 
color conversion table is modified according to constraint 
conditions. However, a color conversion table may be gener- 
ated with constraint conditions initially added thereto. 

Although certain preferred embodiments of the present 
invention have been shown and described in detail, it should 
be understood that various changes and modifications may be 
made therein without departing from the scope of the append- 
ed claims. 
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